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Objective. A quality-of-life oriented scoring system for evaluation of lower limbs, bladder, and bowel functions of patients after sacral tumor resection has been proposed and was adopted in a clinical research. Summary of Background Data. Surgical resections of sacral tumors usually cause postoperative neurologic deficits. A widely agreed scoring system for detailed evaluation of functional outcomes is not yet established. Methods. The scoring system has three domains with three items in each domain, being allocated 0 to 3 points of each item according to the degree of functional impairment. Overall function scale is presented in percentage form. In the current single-center cross-section study, it was adopted to evaluate and quantify the postoperative functional outcomes of 170 consecutive patients who underwent sacrectomy. Results. Significant observer agreement (P < 0.01) was found in all nine items of the proposed system. Detailed functional outcome and difference between each group can be well described by the scoring results. Preservation of bilateral S1 nerve roots preserved majority of motor and sensory function in lower limbs. The probability and degree of urine incontinence (P ¼ 0.003) and abnormal bladder sensation (P ¼ 0.039) was significantly lower in patients with bilateral S3 nerve preserved than those whose unilateral S3 was severed. Patients with unilateral S3 preserved had a lower incidence and degree of dysuria (P ¼ 0.056), constipation (P ¼ 0.059), bowel incontinence (P ¼ 0.007), and abnormal rectal sensation (P ¼ 0.002) than those whose bilateral S3 were sacrificed. Functional outcomes for patients with retained coccyx were better than those with coccyx transected. Functional outcome of different level sacral nerve preservation was semi-quantified and profiled. Conclusion. Detailed and intuitive description of neurologic deficits after sacral tumor resection is the major purpose of current scoring system. The ease of use and reproducibility makes it a practical tool to evaluate function status after sacrectomy under oncologic condition. Key words: bladder, bowel, constipation, dysuria, function outcome, incontinence, lower limbs, motor, nerve root, sacrectomy, sacrum, scoring system, sensation, tumor. Level of Evidence: 4 Spine 2016;41:628-637 P rimary tumors of the sacrum are extremely rare entities, mostly requiring surgical resection. 1 The complexity of pelvic anatomy and the intricate network of blood vessels make such surgeries usually highly difficult procedures, and the pursuit for circumferential margins sometimes makes the sacrifice of sacral nerves inevitable, which heralds permanent motor/sensory deficits or loss of bowel, bladder, or sexual function. [2] [3] [4] Literature from 1953 to 2014 contains several studies in which attempts have been made to correlate neurologic deficit with the extent of sacral nerve roots resection. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Some early studies made positive contributions but were all small series or individual case studies.
2,5-9 Larger and welldocumented studies were carried out later and have identified the importance of S3 nerve roots in preserving postoperative function. 3, 4, 11, 14 Precise information of functional outcome at different sacral nerve levels, however, was limited in most of the studies, and the absence of a widely agreed evaluation system made it a challenge to assess the overall severity of neurologic deficit, both of which formed the basis of this study. By reviewing the literature and summarizing the clinical features of patients who had undergone sacral surgeries in our department, the authors have proposed a scoring system ( Table 1 ) that guarantees accurate description of lower limbs, bladder, and bowel function, which contains nine items and allots 0, 1, 2, or 3 points to each item according to the degree of functional deficits, providing a maximum obtainable score of 27 points. These nine items are assigned to three categories: motor function and sensation of lower limbs (M), urination and uriesthesia (U), and defecation and rectal sensation (D). The summation of these items should provide the observer greater accuracy than any single factor when determining the extent of neurologic deficit. The overall scoring results can be shown concisely using the acronym of each category, such as M(3), U(2), D(3).
Because of the differences between the sexes when evaluating the sexual functional status, and because sexual function is more inclined to be effected by age and pathophysiologic and social-psychologic factors compared with lower extremity/bladder/bowel function, scoring schemes for this functional aspect are not included in this study.
MATERIALS AND METHODS
Cross-section data were collected by reviewing all the patients who received sacral resections for primary tumors in our department from December 2010 to September 2013. The criteria for sample collection were as follows: (1) a known primary lesion localized in sacrum; (2) no previous history of motor system/lower gastrointestinal tract/urogenital disease or other neurologic deficit of sacral nerves not associated with the lesion; (3) well-documented medical records obtainable; (4) detailed record of sacrificed nerve roots available; (5) surviving patients with no clinical relapse at the time of latest follow-up. Ethical approval was obtained from the ethics committee board of the participating hospital for this study's methods and conduct. Between December 2010 and September 2013, 283 consecutive patients suffering primary sacral neoplasms underwent 314 sacral resections in our center. A total of 170 patients met the grouping criteria and served as the study population. There were 85 men (50%) and 85 women (50%) enrolled in this study whose mean age was 43.7 years (range 7-81 years) (Figure 1 ). The mean duration of followup was 24.8 months (range 9-44 months) ( Table 2 ). Chordoma was the most frequent tumor type (43 cases). Other tumor types included giant cell tumor (36 cases), neurofibroma (28 cases), schwannoma (18 cases), chondrosarcoma, myeloma (7 cases each), Zyste in sacral canal (6 cases), teratoma (4 cases), epidermoid cyst, pleomorphic undifferentiated sarcoma, osteosarcoma, Ewing sarcoma, benign fibrous histiocytoma, fibrous dysplasia, cavernous hemangioma (2 cases each), aneurismal bone cyst, hemangiopericytoma, eosinophilic granuloma, epithelioid angiosarcoma, chondroblastoma, leiomyosarcoma, and meningioma (1 case each). Thirteen cases of 170 patients received multiple procedures because of recurrent tumors, whose pathologic types were chordoma, giant cell tumor (five cases each), Ewing sarcoma, osteosarcoma and schwannoma (one case each). All relevant information of these patients was obtained from their latest medical records.
The preoperative evaluation included a history-taking and neurologic examination, plain radiography, computed tomography scanning, bone scanning and magnetic resonance imaging. Forty patients had been treated with preoperative angiography and embolization. Temporary abdominal aorta balloon occlusion was used in 105 patients during the surgery. Most of the patients were operated through a single posterior approach using ''I,'' ''L,'' or inversed ''Y'' incision. Four patients underwent combined anteroposterior surgery because of large pre-sacral soft tissue mass, whose original tumors were neurofibroma (two cases), osteosarcoma, and giant cell tumor (one case each). Only one patient with schwannoma was treated via a single anterior approach. Attempts were made to remove the entire tumor in one piece in 115 patients ( Figure 2 ). The rest 55 patients were treated with intralesional curettage (Figure 3 ). Fixation by pedicle screws combined with iliac screws was applied in 101 patients whose sacroiliac joint was eroded by tumor unilaterally or bilaterally ( Figure 2 ). Eighty-one patients had their coccyx preserved during the operation. The mean operating duration was 177 minutes (range 30-510 minutes) with an average blood loss of 1374 mL (range 50-7500 mL). No preventive colostomy or cystostomy was performed preoperatively.
After the surgery, 33 cases (19.4%) received wound debridement because of postoperative wound infection or wound dehiscence. Internal fixation material was removed in one of these patients because of deep infection. Breakage of internal fixation was found in one patient 8 months after the operation and replacement was performed. Four patients had received neo-adjuvant therapy and three of them had undergone radiotherapy prior to surgery. Eleven patients, including these four cases, received postoperative chemotherapy.
Sixty-three patients had intact bilateral S1-S4 nerve roots. Unilateral S4 was resected in seven patients. Fortyone patients had bilateral S4 nerve roots sacrificed. Sixteen patients had preserved their unilateral S3 and proximal nerve roots. Twenty-one patients had bilateral sacrifice of the S3-S4 nerve roots. Five had their unilateral S2 and distal nerve roots sacrificed. Six had sacrificed bilateral S2-S4 and two had sacrificed bilateral S1-S4. Nine patients had their unilateral S1-S4 nerve roots transected. Because S5 nerve roots were too thin to be reliably recorded during the surgery, they were not included in this study.
The postoperative neurologic function was assessed using the above-mentioned scoring system. Sixty patients were evaluated separately by three surgeons at the time of latest follow-up within a course of a month, and the results were analyzed through Kappa statistics and Spearman rank correlation coefficients to determine whether there was a significant observer agreement between the observers. One of the three surgeons accomplished the functional evaluation for the rest 110 patients. Intra-observer reliability was tested in 60 patients through Kappa coefficient. The scores of all patients were computed and statistically evaluated to identify the correlation between the scoring results of different nerve levels and the correlation between the outcomes and other factors.
RESULTS
Scores of the 60 patients who were evaluated by three different surgeons were obtained and analyzed through Kappa statistics and Spearman rank correlation coefficients. Significant inter-observer (P < 0.01) and intra-observer agreement (k >0.75) were found in all nine items between each observer, indicating the scoring system reliably reproducible (Table 3) . Functional statues of lower extremity/bladder/bowel are shown as below; sexual function is not included because of the lack of detailed data.
Motor Function and Sensation of Lower Limbs
Fifty-five patients (32.4%) experienced slight gait abnormalities or mild weakness in lower limbs. Intermittent use of external support, such as cane or crutch, was found in six patients (3.6%). Two patients with bilateral S1 and distal sacral nerve roots sacrificed experienced postoperative weakness of foot plantar flexion, both of whom were dependent on wheelchair when moving a long distance (1.2%). No patient was found bedridden at the time of follow-up.
Mild lower back pain was found in 24 patients (14.1%). Four patients complained of moderate pain, which could be controlled by painkiller (2.4%). Intractable pain and drug dependence was not reported.
A total of 133 patients complained of abnormal sensation in the perineal area (78.2%), most of whom did not consider the symptom to be particularly annoying. Persistent numbness and hyperesthesia affecting daily life was found in 29 patients (17.1%). One patient with bilateral S1 and distal nerve roots transected complained of complete loss of cutaneous sensation in the perineal region (0.6%).
The scoring result according to the described system shows that preservation of S1 root in bilateral resection preserves much of the motor and sensory function (Figure 4 ). In patients with spared level distal to S1, the differences of each group are relatively smaller (Table 4) .
Urination and Uriesthesia
Seventy-one patients had completely normal bladder function compared with before (41.8%). Varying degrees of bladder dysfunction was observed in the rest 99 patients, mainly reflected in the following three aspects: dysuria, bladder incontinence, and abnormal bladder sensation.
Fifty-nine cases complained of mild voiding dysfunction requiring conscious exertion of abdominal pressure (34.7%). Dysuria requiring manual exertion of abdominal pressure was reported in 11 patients (6.5%). Four patients had the experience of temporary urethral catheterizations because of occasional acute urinary retention (2.4%). One patient suffered severe dysuria requiring long-term use of indwelling catheters (0.6%).
Different degrees of urinary incontinence were reported in 73 patients (42.9%). Fifty-seven patients experienced urine leakage occasionally when abdominal pressure increases (33.5%). Sixteen patients complained of more frequent urine leakage and deemed it as a routine to wear preventive measures (diapers, sanitary napkins, etc.) (9.4%), of whom four patients lost control of their bladder and were completely incontinent (2.4%).
Eighty-five patients retained normal bladder sensation (50%). Forty-nine patients complained of changed bladder feelings but were always able to feel the stimulus when micturating (28.8%). Twenty-five patients had the 
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Scoring System for Evaluating Neurologic Deficit Huang et al experience of incidentally happened unconscious urination (14.7%). The feeling of stimulus to micturate was completely lost or replaced by a sense of fullness in the lower abdomen in 11patients (6.4%). Figure 5 and Table 4 show distribution and the average score of bladder function at different levels according to the described system. It is not hard to figure out that preservation of at least unilateral S3 nerve root in bilateral resection markedly decreases the incidence and severity of dysuria (P ¼ 0.056), whereas the integrity of bilateral S3 is critical to prevent the incidence of bladder incontinence (P ¼ 0.003). In the item abnormal bladder sensation, scoring results show a stepwise decrease with the elevation of sacrificed nerve level. The most remarkable drops lie between bilateral S3 and unilateral S3 (P ¼ 0.042) as well as unilateral S3 and bilateral S2 (P ¼ 0.039), indicating S3 nerve roots also play an important role in bladder sensation.
Defecation and Rectal Sensation
Sixty-nine patients enjoyed perfect bowel function after the surgery (40.6%). Symptoms like constipation, incontinence, and abnormal rectal sensation were found in the rest 101 patients. Five patients lost their control of bowel movement completely (2.9%), three of whom received colostomy later.
Constipation was the most frequently complained symptom. Sixty-nine patients had the experience of mild constipation that can be adjusted through only proper diet (37.7%). Moderate-to-severe constipation requiring regular use of laxatives and/or enemas was reported in 26 patients (15.3%), 13 of whom required frequent manual assistance to evacuate the rectum (7.7%).
Fecal incontinence was relatively uncommon. Occasional leakage of loose stool when a diarrhea took place was reported in 40 cases (23.5%). Compared with bladder incontinence, wearing preventive measures for bowel incontinence was rare to be seen. Only three patients were reported to wear diapers routinely (1.8%), two of whom suffered complete incontinence, which could only be controlled by keeping constipated artificially (1.2%).
Fifty-six patients complained of blunted but still existed rectal sensation (32.9%). Seventeen patients failed to feel the urge for bowel movement at times (10.0%). Five patients complained of complete loss of urge to defecate, which was also replaced by a sense of fullness in the lower abdomen (2.9%).
Average score and distribution of functional outcomes are revealed in Table 4 and Figure 6 , from which conclusion can be drawn that preservation of at least unilateral S3 significantly decreases the incidence and degree of constipation, incontinence, and abnormal sensation than those whose bilateral S3 were resected (P ¼ 0.059, 0.007, and 0.002, respectively). Meanwhile, the spectacular drop between unilateral S2 and bilateral S1 in constipation and incontinence suggests bilateral transection of S2-S4 might exert a disastrous effect on bowel movement. Bil. indicates bilateral; L., unilateral.
Functional Range of Different Spared Levels
To make it possible to predict patients' postoperative function prior to surgery, the range of function status at each sacrificed level was brought up based on the scoring results. Variation trends of lower limbs motor/sensory, bowel, and bladder function between different levels were depicted in Figure 7 . By summing them up, a roughly estimated range at each level was profiled ( Figure 8 and Table 4 ). For patients who received hemisacrectomy, most of them experienced only mild-to-moderate postoperative dysfunction, which was mostly bearable. Two cases of them, however, lost their voiding function completely and were dependent on daily use of diapers. One of them also suffered severe bowel dysfunction. Compression and degeneration of retained nerve roots caused by the original tumors might be the main reason for the function loss of these two patients. The average scoring result of these patients falls in between the group with preserved unilateral S3 and the one with bilateral S2 preserved.
Effects of Relative Factors
Because of the multiple levels of spared sacral nerves and the relatively limited sample size in this study, statistical analysis to investigate the correlation between the scoring results and the relative factors was not carried out. Nevertheless, preliminary comparisons of average scoring results were carried out to determine the potential effects of some relative factors like sex, chemotherapy, preoperative intra-arterial embolization, intra-operative aorta blocking, internal fixation, retained coccyx, and wound debridement (Table 5) . Patients whose coccyx was spared during sacrectomies seemed to enjoy better function outcomes than those whose coccyx was transected. Although patients who received wound debridement after the operation seemed to have poorer functional status.
DISCUSSION
Neurologic deficit is one of the most common complications after sacral resection and has been mentioned in most literature about this procedure. In 1970s, Gunterberg et al.
5-7 published a series of studies concerning neurologic disorders in patients who have undergone sacrectomies, reporting that unilateral sacrifice of S1-S5 does not affect much of bladder and bowel function and that preservation of both S3 is sufficient for normal function. This was deemed as the first systematic research in this field. In 2002, Todd et al.
3 described a study of postoperative bowel and bladder function in 53 patients, revealing preservation of at least one S3 root in sacral resection preserves bowel and bladder function in the majority of patients. More studies came up later supporting this conclusion; however, detailed function outcomes at different resection levels were still rare to be seen in relative researches.
Meanwhile, the lack of widely agreed evaluation criteria is also an obstacle in current research. Most studies used merely normal or abnormal to describe the patients' function status, which was impossible to reflect the accurate postoperative neurologic deficit. Scoring system proposed by Biagini et al., 16 which was adopted in a series of studies published by Fourney et al. 10 and Moran et al. 17 , made positive contributions but was not accurate enough to depict the symptoms precisely. To find an easy and effective method to describe the accurate function status of patients with sacral lesions, a new scoring system was put forward and adopted in this study.
The result of this study supported the conclusion that patients with at least one S3 preserved have significantly better bladder and bowel function than those whose bilateral S3 were resected. At the same time, the details revealed the integrity of bilateral S3 was essential to prevent the incidence of urine leakage. As Juenemann et al. 18 reported, S3 nerve roots play a major role in controlling external urethral sphincter. Contraction of the sphincter could be greatly compromised when at least one S3 is injured, which will result in reduced urethral pressure and an increased incidence of urine leakage.
Meanwhile, patients with bilateral S2-S4 nerve roots sacrificed in our study were observed to be more dependent on laxative, enema, or hand-assisted defecation and preventive measures. The general trend indicates the reservation of at least one S2 is essential for the basic control of defecation.
Most patients with unilateral S1-S4 sacrificed had nearnormal postoperative function, which is, however, not as good as it was described in previous studies. The average score of these patients are lower than those with unilateral S3 preserved in bilateral resections. Considering all patients of both groups had one of their S3 nerve roots retained, it seems symmetrical preservation of S2 nerve roots serves more in postoperative function than unilaterally preserved S4 does.
The range of functional deficit at each sacrificed sacral nerve level was concluded based on the scoring results. Although it is a preliminary result and in need of further study, the varying trend between different levels is still discernible.
In addition to depict the accurate functional status, the primary role of this scoring system is to quantify the functional outcomes and analyze the possible effect of relative factors. Through preliminary comparison of average scoring results, it seemed the preservation of coccyx during the operation and wound debridement after the surgery might be the most potential factor that could affect the functional outcomes. Nevertheless, these relative factors should be statistically analyzed in future studies when a larger sample size is available.
In addition, due to the low morbidity rate of sacral tumors, the exact effect of recovery time on postoperative function is yet unclear. As this study was a cross-section research based on a newly proposed scoring system, the authors regret that the preoperative function records and previous follow-up data were not accurate enough to meet the scoring items. As a result, it was unfeasible to compare the preoperative and postoperative functional status and to analyze the effect that recovery time might exert. At the same time, the broad range of follow-up period of this study (9-44 months) might also affect the accuracy in distinguishing functional outcomes between different levels of sacrectomy. Nonetheless, in a 12-month follow-up study reported by Moran et al.
17
, significant differences in functioning over time was only found within the first 3 months postoperative in bladder and within the first 6 months in motor, and bowel function did not change over time. Therefore, the authors believe the current study was of certain significance in illustrating the functional status of different nerve levels despite the broad range of 9 to 44 months follow-up periods. More attention will be paid in functional changes over time in future studies.
Also, the lack of detailed sexual functional outcomes and scoring scheme for this function aspect was another limitation of current study. More detailed function evaluation should be carried out and scoring items specialized in this field should be made as soon as more accurate data are available in the future.
Nevertheless, to our knowledge, this is the first study that has been able to propose a scoring system specialized in evaluating detailed lower extremity/bladder/bowel functions in patients with sacral tumors and apply it in clinical use. To some extent, the results of the current study can be used to predict postoperative functional status when planning operation schemes prior to surgery.
With the development of surgical technique and the application of advanced measures to control the bleeding, [19] [20] [21] most sacral tumors are no longer unresectable, and increasing attention has been paid to the function area. The scoring system proposed in this study might provide a practical tool to evaluate and quantify the functional status in further researches.
Key Points
A widely agreed scoring system for evaluating the neurologic deficit after sacretomy is not established and the detailed correlation between the extent of sacrectomy and postoperative function outcome remains uncertain. Higher scoring result in the same group is shown in bold.
Bil. indicates bilateral; L., unilateral.
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The proposed scoring system guarantees detailed description of postoperative function of lower limbs, bladder and bowel, providing greater simplicity and accuracy in determining the extent of neurologic deficit and investigating its correlation with spared sacral nerve levels and other relative factors. The ease of use and reproducibility of the current scoring system makes it a practical tool to evaluate function status after sacrectomy under oncologic condition.
